Background: Children with developmental coordination disorder (DCD) experience a range of difficulties that can potentially limit their academic, social and physical ability. Recent research has developed interventions that aim to improve motor outcomes in a variety of paediatric cohorts using video gaming equipment. Therefore, we aimed to systematically review the literature on virtual reality or video game interventions that aim to improve motor outcomes in children with DCD. Methods: Seven databases were searched for studies using the following criteria: a) virtual reality or video game based intervention; b) children with DCD; and c) motor outcomes relating to body structure and function, activity or participation. Data were extracted relating to study design, participant characteristics, details of the intervention, outcome measures, results, and feasibility/adherence. Results: Fifteen articles were included for review, including eight randomised controlled trials. No studies used virtual reality equipment, with all interventions using video games (Nintendo Wii in 12/15 articles). Mixed effects of video game intervention on outcome were found, with conflicting evidence across studies. Studies that reported on feasibility found most children enjoyed and adhered to the video game interventions. Conclusions: This review found limited evidence for the effectiveness of video game interventions for children with DCD to improve motor outcomes due to limitations in the research including low sample sizes and low to moderate methodological quality. Further research is needed to determine the effect of video game or virtual reality interventions on motor outcomes in children with DCD. Protocol registration: The protocol for this systematic review can be found on PROSPERO (CRD42017064427).
Background
Developmental coordination disorder (DCD) is commonly reported to affect approximately 5 to 6% of the general school-aged population [1] . According to the Diagnostic and Statistical Manual for Mental Disorders, fifth edition (DSM-5) [2] , DCD may be classified as a child meeting four criteria: a) motor coordination is below that expected for the child's chronological age and intelligence level; b) the motor disorder interferes with academic achievement or activities of daily living; c) symptoms occur in the early developmental period; and d) the motor coordination is not due to a general medical condition (e.g. cerebral palsy). Children with DCD experience a range of difficulties in various domains (e.g. executive function, sensoriperceptual function, motor control of gait and posture) that can potentially limit their academic, social and physical ability [3, 4] , as well as impacting upon their quality of life [5] . Previously it was thought that children with DCD would outgrow such difficulties, however evidence indicates that these impairments can continue later in life [6] [7] [8] [9] . As such, importance is often placed on early interventions to improve motor difficulties in children with DCD.
A wide range of interventions have been used to improve motor impairment in children with DCD [10] [11] [12] [13] [14] . Emerging technology such as virtual reality and video game equipment has been the focus of recent research. The use of virtual reality or video game based interventions can provide a unique environment for children to improve, with potential benefits over more traditional methods including increased engagement, motivation, practice and repetition of movement as well as more challenging and varied activities and instantaneous visual and auditory feedback. Recent intervention studies have examined the effect of virtual reality or video game based interventions in a range of paediatric populations [15] [16] [17] [18] [19] [20] [21] [22] . Due to the increasing volume of research, recent reviews have been performed to determine the effect of such interventions, however, the focus has primarily been on upper limb outcomes [16, 21] or on other paediatric populations such as cerebral palsy [15, 23, 24] . One recent review has examined the effectiveness of video games for improving motor outcomes in paediatric cohorts including DCD [25] , however they examined multiple cohorts including cerebral palsy and Down syndrome and provided only a brief summary of the few results for children with DCD. The search strategy of this previous review was performed in 2015 [25] and with the constantly evolving nature of video game and virtual reality technology, further research studies may have been conducted in DCD. Further, the previous review did not examine the adherence to, or enjoyment of, video game intervention and did not determine if virtual reality equipment had been used in the DCD population.
Given that video gaming and virtual reality interventions are currently being used in paediatric rehabilitation with continually developing technology, and the possible benefits on improving motor outcomes for children with DCD, a further systematic review is warranted. Therefore, the aim of this review is to systematically collate and analyse the research that has used virtual reality or video game based interventions in children with DCD for the improvement of motor outcomes.
Method
The systematic review followed the PRISMA guidelines [26] and the protocol can be found on PROSPERO (CRD42017064427). For this review, motor outcomes are described according to the International Classification of Functioning, Disability and Health, children and youth version (ICF-CY) framework [27] . The ICF-CY is a useful tool to understand the complex difficulties faced by children in three domains of body structure and function, activity, and participation. Body structures are defined as anatomical body parts and body functions are the physiological processes of the body, activity as the execution of a specific task or action and participation is broadly defined as involvement in a life situation [27] . The ICF-CY framework is used to holistically describe the impact of disability on individual functioning and on life experiences, with difficulties described as body structure and function impairments, activity limitations and participation restrictions.
Search strategy
A systematic search of seven online databases (AMED, CINAHL, Cochrane, Embase, MEDLINE, Scopus, Web of Science) was conducted in July 2018 by one reviewer (author BFM). Key search terms and relevant synonyms were consistent across all databases, with relevant medical subject headings used where possible (see Additional file 1 for the search terms used). Multiple neurodevelopmental conditions were included in the systematic search to identify any articles that may have used a combined cohort that included children with DCD. No limitations were placed on publication date. Targeted searching was also performed of the reference lists of included articles to identify any additional studies not already found in the systematic database search.
Selection criteria
Inclusion criteria involved: 1) children under the age of 18 years with DCD including a clear description of how DCD was defined; 2) an 'immersive' virtual reality (e.g. Oculus Rift) or video game (e.g. Nintendo Wii) based intervention of any research design such as randomised controlled trials (RCTs) or case studies; and 3) at least one outcome measure relating to motor and body structure and function impairment, activity limitation or participation restriction (e.g. mobility, gait, balance, strength, fitness, or physical activity).
Exclusion criteria were: 1) participants 18 years of age or older; 2) cohort of children with conditions other than DCD (e.g. acquired brain injury, cerebral palsy); 3) studies that did not provide a clear and consistent definition of DCD; 4) interventions that included robotics or assisted movement such as the Lokomat gait training device; 5) combined interventions where virtual reality or video games were not the main focus of the intervention program; 6) grey literature, review articles or conference abstracts; 7) full text articles not published in English; and 8) only outcome measures of upper limb function (e.g. reaching kinematics or the Melbourne Assessment of Unilateral Upper Limb Function [28] ) or non-motor based measures (e.g. cognitive assessment).
Selection of articles, data extraction and quality appraisal
Article selection, data extraction and quality assessment were completed independently by two reviewers (BFM and TLF) with a third reviewer (AJS) consulted for any discrepancies. The first step of article selection involved removing duplicates from the initial yield. The full texts of potential articles were then assessed by the two reviewers independently. The final articles to be included for review were agreed upon by all reviewers. A customised data extraction form was used to gather data including information on the study design, participant characteristics, details of the intervention, outcome measures, and results. Effect size (ES) and significant values were extracted only when clearly described. Data relating to the effect of intervention on typically developing (TD) children or the effect of variations of video game intervention were not extracted. Data were extracted relating to adherence to the intervention and any information about feasibility, enjoyment, or safety of intervention. Authors of included articles were contacted for further details if necessary.
Included articles were rated for methodological quality using the Downs and Black rating scale [29] , which incorporates 27 questions that are appropriate for randomised and non-randomised intervention studies with questions relating to reporting, external validity, internal validity (bias and confounding), and power. Whilst this scale has shown good test-retest and inter-rater reliability, face and criterion validity [29] , due to some ambiguity of question 27 of the scale [30, 31] , this question was modified in accordance with previous research [32] to include a score of 0 or 1 depending on whether the study reported a power calculation (see Additional file 2 for the full scale). Interpretation of the overall quality of each study was based on previous research [33] and considered low if the study met < 60% of criteria on the scale, moderate for 60-74%, and high for ≥75%. Scores were based on the information within included articles, with additional information gained from related articles if necessary.
The level of evidence for each article was also classified using the hierarchy for interventional group designed studies from the American Academy of Cerebral Palsy and Developmental Medicine [34] . Studies were rated from the following: Level 1 evidence (large RCT, n > 100), Level 2 (smaller RCT, n < 100), Level 3 (cohort studies with concurrent control group), Level 4 (case series, cohort study without concurrent control group, or case-control study), or Level 5 evidence (case study or report, expert opinion, or anecdotes). As this review was interested in virtual reality and video game interventions in children with DCD, the level of evidence of each article was classified according to such interventions in children with DCD, irrespective of other methodological components included in the article (e.g. TD children).
Results
The steps involved in article selection are shown in Fig. 1 , with 13 studies (total of 15 articles) identified as meeting the selection criteria [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . There were instances of overlap between the cohorts and the interventions used, with the articles by Howie et al. [42] and Straker et al. [49] involving the same intervention and cohort (considered one study, but two articles). Two articles by Bonney et al. [37, 38] included the same interventions and cohort, and were also considered one study and two articles. The articles by Jelsma et al. [43, 44] included the same intervention and similar cohorts (only one intervention group used in the second study by Jelsma et al. [44] ), the articles by Smits-Engelsman et al. [47, 48] involved the same intervention with different cohorts, and the other two articles by Bonney et al. [36, 39] also used the same intervention with different cohorts. As such these six articles were considered separate studies [36, 39, 43, 44, 47, 48] . Table 1 includes details of the article characteristics. Overall sample sizes of children with DCD were relatively small ranging from 9 to 57, involving children aged 4 to 16 years. In total, 325 children with DCD (156 boys and 169 girls) and 101 TD children (53 boys and 48 girls) were involved in the interventions within studies. This total number of participants does not include the overlap of participants between articles. Table 2 provides information on the interventions included in each article. All articles used video gaming equipment for the interventions, with the Nintendo Wii being the most commonly used device in 12/15 articles (11/12 articles used the Wii Fit gaming software) [36] [37] [38] [39] [40] [41] [43] [44] [45] [46] [47] [48] . The other three articles included the PlayStation2 EyeToy [35] , or a combination of the PlayStation3 Move and Eye with the Xbox 360 Kinect [42, 49] . All of these video games are considered 'active' as they require various forms of participant movement in contrast with traditional sedentary video games. No study used any 'immersive' virtual reality devices. Session durations ranged from 10 to 45 min of video gaming, with interventions lasting from 4 to 16 weeks. The setting for intervention was either at school [36] [37] [38] [39] [40] [41] [43] [44] [45] [46] [47] [48] or home-based [42, 49] , with the intervention setting unclear in one article [35] .
Study details

Quality appraisal
The level of evidence varied across the included articles with eight categorised as Level 2 [36-38, 41, 42, 45, 46, 49] , four as Level 3 [40, 43, 47, 48] , and three as Level 4 [35, 39, 44] . The majority of articles had moderate overall quality (60-74%) [36, [38] [39] [40] [41] [42] [46] [47] [48] [49] as assessed by the Downs and Black scale, with four articles demonstrating low overall quality (< 60%) [35, [43] [44] [45] . Only one article received a high total quality score (≥75%) [37] (see Additional file 3 for results). Overall, articles described their aims, outcome measures, participant characteristics and the main findings of the study well, however only one article described adverse events, with no injuries reported during the intervention [39] . It is acknowledged that it is difficult to blind participants to video gaming interventions and concealed assignment is similarly difficult to implement. Seven articles provided a sample size calculation [36-40, 42, 49] .
Outcome measures
Outcome measures were varied across articles. The most common outcome measure was the Movement Assessment Battery for Children, second edition (MABC-2), with nine articles using the MABC-2 total score or sub-scores [35, 36, 38, 40, 43, 45, 46, 48, 49] . The Bruininks Oseretsky Test of Motor Proficiency, second edition (BOT-2) was used in seven articles [36, 38, 41, 43, [46] [47] [48] . Various other outcomes were used including but not limited to accelerometer measured physical activity [42] , muscle strength [36, 38, 40, 47] , anaerobic performance [36, 38, 40, 47] , and the developmental coordination disorder questionnaire (DCD-Q) [35, 49] . Due to the heterogeneity among articles and the limited number of Level 2 studies, we were unable to complete a meta-analysis. The outcomes were summarised using the ICF-CY framework and collated within the levels of evidence of included articles.
Outcomes of level 2 and 3 studies
A variety of study designs and outcome measures were included in the Level 2 and 3 articles.
Body structure and function
Four Level 2 articles [36, 38, 45, 49] and two Level 3 articles [40, 47] used outcomes relating to body structure and function. The results of these outcomes relat/./ing to body structure and function are detailed in Table 3 , which include strength, anaerobic performance, aerobic fitness and static and dynamic balance.
Strength Strength was measured in four studies with the Functional Strength Measure (FSM) [50] . Bonney et al. [36] showed children with DCD significantly improved in the one item of the FSM that was measured (stair climbing; ES = − 0.79), with similar improvements shown in the comparison task-oriented training group (ES = − 0.57). Another study by Bonney et al. [38] showed that both groups of children with DCD (variable and repetitive video game training groups) had significant and similar improvements in items of the FSM (p < 0.001). Ferguson et al. [40] showed that a comparison group of neuromotor task training had significantly greater improvements on the total score and all eight items of the FSM compared with the video game intervention. The video game intervention group only had significant strength improvements on one item of the FSM (lifting a box; p = 0.01; ES = − 0.58) [40] . Conversely, Smits-Engelsman et al. [47] showed that video game intervention significantly improved FSM scores (only lower limb items were assessed) in children with DCD (p < 0.05), with large ESs seen across the lower limb items (ES = − 0.8 to − 3.9). Isometric strength was also measured with hand-held dynamometry in two studies [36, 40] . Bonney et al. [36] showed significant improvements and large ESs in isometric strength (ES = − 2.84 to − 4.15) that was similar to the comparison group (ES = − 3.12 to − 6.64), whereas Ferguson et al. [40] showed no significant improvements in isometric strength in either the comparison group or the video game intervention group (p > 0.05) [40] . [40] whereas the two studies by Bonney et al. [36, 38] as well as Smits-Engelsman et al.
[47] used a protocol measuring the time taken to complete: (1) 10 by 5 m straight sprints; and (2) 10 by 5 m slalom sprints. Results for the Muscle Power Sprint Test showed significant improvements after video game intervention (p = 0.01; ES = − 0.56), although the neuromotor task training comparison group had greater improvements [40] . Bonney et al. [36] found significant improvements in both sprint tests (p = 0.001; ES = 1.14 to 1.32) with similar yet slightly smaller improvements shown in the task-oriented comparison group (p = 0.002; ES = 0.58 to 0.75). Interestingly, the other article by Bonney et al. [38] showed significant improvements in the slalom sprints in children with DCD (p < 0.001), although no improvements were shown for the straight sprints (p = 0.075). Smits-Engelsman et al. [47] showed a similar trend with a moderate ES for the straight sprints (ES = 0.7) and a large ES shown for the slalom sprints (ES = 2.2), with both sprints showing significant improvement in children with DCD (p < 0.05). [40] . The video game intervention in both studies did not result in significant improvements in aerobic fitness. Interestingly, the task-oriented comparison group in Bonney et al. [36] did not significantly improve aerobic fitness, whereas the neuromotor task training comparison group in Ferguson et al. [40] had a significant improvement after intervention (p = 0.02; ES = − 1.15).
Static and dynamic balance Ju et al. [45] examined static and dynamic tasks that replicated the custommade Nintendo Wii games from their intervention group. This study showed significant improvements for the static task in the intervention group for the duration of a single leg stance over the control group (no intervention), but not for the centre of pressure trajectory. Analysis of the dynamic task (successful trials and centre of pressure trajectory) showed significant improvements for the intervention group over the control group [45] . Straker et al. [49] examined static balance with a single leg balance task where children were asked to stand on their preferred leg for as long as possible, while a force platform recorded various centre of mass measures. All measures of static balance showed no significant differences between the video game intervention and control phases (p = 0.300 to 0.559).
Activity
Activity domain outcome measures were reported in six Level 2 [36, 38, 41, 45, 46, 49] and four Level 3 articles [40, 43, 47, 48] . The results of these articles are shown in Table 4 . Outcome measures included the MABC-2, BOT-2, DCD-Q, and child reported questionnaires of motor skills. Video game performance was also assessed in four articles [37, 43, 48, 49] , although as video game performance has limited relevance to functional activities of daily living these results were not included in Table 4 .
Movement assessment battery for children Five Level 2 articles used the MABC-2 [36, 38, 45, 46, 49] . Bonney et al. [36] showed significant improvements in the total standard score of the MABC-2 as well as the manual dexterity and balance sub-scores (ES = − 0.95 to − 2.53), with similar improvements shown in their comparison group (ES = − 0.69 to − 1.41). Both groups showed no improvement in the aiming and catching sub-score of the MABC-2 [36] . The other article by Bonney et al. [38] showed significant improvements for children with DCD following video game intervention in the MABC-2 total score, manual dexterity sub-score, balance sub-score (plus one balance item), and aiming and catching sub-score (p < 0.01) [38] . Ju et al. [45] showed significant improvement in the balance sub-score of the MABC-2 in the intervention group, with no improvement observed in the control group (no intervention). Mombarg et al. [46] found the video game intervention group significantly improved on the balance sub-score of the MABC-2 with this improvement greater than the control group. Secondary analysis of the balance sub-score items showed that two out of three balance items significantly improved after video game intervention, although no difference was shown with the control group [46] . Straker et al. [49] found no significant difference between a video game intervention phase and a control phase for the MABC-2 total score, manual dexterity sub-score, balance sub-score, and aiming and catching sub-score.
Of the Level 3 articles that used the MABC-2, Ferguson et al. [40] found that the video game intervention did not statistically improve any component of the MABC-2 (p = 0.08 to 0.87). The comparison group (neuromotor task training) showed significantly larger improvements in MABC-2 total score, balance sub-score, and manual dexterity sub-score compared with the video game intervention. There were no significant improvements on the aiming and catching sub-score of the MABC-2 for either group [40] . Jelsma et al. [43] included two groups; one completed video game intervention, and a second group completed a control phase of no intervention followed by video game intervention. This article found significant improvements in the total score and balance sub-score (p < 0.01), with these improvements significantly greater than the control phase. However, the manual dexterity and aiming and catching sub-scores of the MABC-2 showed no improvements (p > 0.05) [43] . Smits-Engelsman et al. [48] examined the effect of video game intervention in a group of children with DCD and TD children. This article found significant improvements in five items of the balance sub-score of the MABC-2 after video game intervention in children with DCD (p < 0.05) [48] .
Bruininks Oseretsky test of motor proficiency Four Level 2 articles [36, 38, 41, 46] reported outcomes with the BOT-2. Bonney et al. [36] only examined the running and agility sub-score of the BOT-2 and found significant improvements after video game intervention (ES = − 1.75), with similar improvements found in the comparison group (ES = − 1.23). The other article by Bonney et al. [38] showed significant improvements in children with DCD in the balance sub-score and running and agility sub-score of the BOT-2 (p < 0.001). Using a crossover RCT with a comparison phase (school-run motor skills program) and an experimental phase of video game intervention, Hammond et al. [41] found that the total score of the BOT-2 [46] examined two sub-scores of the BOT-2, balance as well as running speed and agility, and presented results for the individual items of these two sub-scores. The video game intervention group significantly improved within the balance sub-score, with the improvement greater than the control group [46] . The article also showed that one balance item out of the nine assessed showed significant improvements after video game intervention (standing on one leg on a balance beam), with this one item showing greater improvements over the control group. Mombarg [46] found that both the control group and video game intervention group improved on the BOT-2 running speed and agility sub-score, with no difference between groups. The results for the individual items of the running speed and agility sub-score were not clearly reported.
Of the Level 3 articles that used the BOT-2, Jelsma et al. [43] found significant improvements after video game intervention for three BOT-2 sub-scores (bilateral coordination, balance, and running speed and agility; p < 0.001). With the exception of the balance sub-score, these were significantly greater improvements compared with the control phase [43] . The two articles by Smits-Engelsman et al. [47, 48] examined the effect of video game intervention in groups of children with DCD and TD children. Smits-Engelsman et al. [48] examined just one item of the BOT-2 balance sub-score (single leg stance on a balance beam) and found children with DCD significantly improved after video game intervention (p = 0.042). Smits-Engelsman et al. [47] examined two sub-scores of the BOT-2 (balance, and running speed and agility) and found significant improvements only in the balance sub-score in children with DCD (p = 0.003). 14 were used for comparison to control group; c two out of three items (walking on a line, jumping) showed significant improvement after experimental intervention; d one out of nine items (standing on one leg on a balance beam) showed significant improvement after experimental intervention, with this improvement greater than control/comparison; e control/ comparison group included typically developing children or variation of video game intervention Developmental coordination disorder questionnaire Straker et al. [49] (Level 2) used the DCD-Q total score and found no significant improvement following video game intervention, with no difference between the control and video game phases (p = 0.082).
Child reported questionnaires Two articles (both classified as Level 2) used child reported questionnaires of motor skills [41, 49] . Hammond et al. [41] used the Co-ordination Skills Questionnaire [52] in a crossover RCT design, with a comparison intervention phase. Children's perception of their motor ability and satisfaction significantly improved over the intervention period, although there was no difference with the comparison intervention [41] . Straker et al. [49] used a global change score of child reported motor coordination, using one question and an 11-point Likert type scale: 'compared to when you started the study, how would you describe your physical skills at the end of the active games block?'. The video game intervention resulted in improved perceived physical skills that was significantly higher than the control phase (p < 0.001) [49] .
Video game performance Four articles examined changes after intervention in performance on specific video games [37, 43, 48, 49] . Straker et al. [49] (Level 2) found no significant difference in video game performance (four various games) between the control phase and the video game phase (p = 0.29 to 0.93). In contrast, Bonney et al. [37] (Level 2) showed children with DCD improved video game performance after intervention in two groups performing either repetitive training (same Wii game) or variable training (various Wii games). Two Level 3 studies found improvements in video game performance after intervention [43, 48] , although one of these studies showed the improvements in video game performance after intervention was not significantly higher than improvements seen after a control phase [43] .
Participation
Only two articles (both classified as Level 2) examined outcomes related to participation [36, 42] . Howie et al. [42] used a crossover RCT design to examine habitual physical activity measures taken from accelerometry, with phases of either no intervention or video game intervention. A range of habitual physical activity outcomes were collected during one week of wearing an accelerometer. There were no significant differences in any physical activity outcomes between the 16 week intervention or control phases (p = 0.249 to 0.865). Bonney et al. [36] examined two questionnaires related to participation; the Children's Self-Perceptions of Adequacy in and Predilection for Physical Activity (CSAPPA), and a questionnaire developed by the authors specifically for their study to examine change following the intervention period, the Participation in Activities of Daily Living for Adolescents Questionnaire (PADLA-Q). The results showed improvements after intervention for the total CSAPPA score and the predilection sub-score, but not for the adequacy or enjoyment sub-scores; whilst there was no difference between the video game and comparison interventions on the PADLA-Q [36] .
Outcomes of level 4 studies
Three articles were classified as Level 4 [35, 39, 44] , with these articles reported in the text only. The Level 4 studies included a single group design.
Body structure and function
Ashkenazi et al. [35] examined walking tasks pre and post intervention (only 5/9 participants completed the walking assessments). The walking tasks included: (1) the 6 min walk test; (2) 10 m walk test; (3) 10 m walk test while carrying a tray with a cup two thirds filled with water; and (4) 10 m walk test while carrying the same tray and talking by answering questions. No significant improvements were found after video game intervention (p = 0.138 to 0.715), with small to medium ESs reported (ES = 0.10 to 0.74) [35] . Bonney et al. [39] included a single group of 16 girls with probable DCD and examined the 6 min walk test (as a measure of aerobic fitness) and the Muscle Power Sprint Test (as a measure of anaerobic performance). This article showed a significant improvement in the 6 min walk test and the Muscle Power Sprint Test [39] .
Jelsma et al. [44] included a single group, who were the second group of the first publication by Jelsma et al. [43] . This article examined dynamic balance measures with a force plate during Wii game play [44] . Force plate measures of balance significantly improved after the initial control phase, although no further significant change was found after the video game intervention, suggesting that video game intervention did not improve dynamic balance during Wii game play.
Activity
Ashkenazi et al. [35] examined outcomes from the MABC-2 and the DCD-Q (with data from all 9 participants). Significant improvements were reported for the MABC-2 total score (p = 0.024; ES = 0.93) and the balance sub-score (p = 0.012; ES = 1.26), whilst improvements that did not reach significance were shown for the manual dexterity (p = 0.088; ES = 0.61) and aiming and catching sub-scores (p = 0.44; ES = 0.23). Significant improvements were shown for the DCD-Q total score (p = 0.05; ES = 0.68) and the movement control sub-score (p = 0.036; ES = 0.88), with smaller non-significant improvements for the fine motor (p = 0.123; ES = 0.55) and coordination sub-scores (p = 0.128; ES = 0.53) [35] .
Participation
No outcomes were reported for participation in Level 4 articles.
Adherence, enjoyment and safety
Eight out of 13 studies reported adherence to the intervention [36-38, 40, 42, 43, 46-49] . Adherence ranged from 92 to 100% for sessions attended in seven studies [36-38, 40, 43, 46-48] , while one study reported that 90% of participants met the minimum requirements of video game play per week (80 min) [42, 49] . Five studies [37, 39, 43, 47, 48] reported child enjoyment by using a 5-point enjoyment scale, with responses as either: no fun at all; boring; a bit of fun; fun; super fun (or awesome). At the end of the interventions, 86 to 100% of children reported the video games to be either 'fun' or 'super fun/awesome'. Another study reported parental satisfaction after the intervention [35] , with eight out of nine parents reporting high satisfaction with the video game intervention. One other study reported the experiences of the training supervisors [39] . Three studies did not report any outcome related to adherence, enjoyment or feasibility [41, 44, 45] . Only one article reported on adverse events, with this article by Bonney et al. [39] reporting no injuries during the intervention.
Discussion
This systematic review collated intervention based research examining the effectiveness of video game or virtual reality technology for improving motor outcomes in children with DCD. The limited number of articles with varying levels of evidence, research design, and sample sizes made comparison between studies difficult. The ICF-CY framework was used to classify outcomes, with mixed intervention effects. Limited evidence suggests that video game intervention may have some benefits for body structure and function impairments and activity limitations, although studies were conflicted in their findings and often found similar results to control or comparison groups, with one article showing better results with a comparison intervention [40] . Only one article reported on participation restrictions, with no significant effect of video game intervention found over no intervention [42] . Studies reported that the majority of children enjoyed and adhered to the video game interventions. Further studies with large sample sizes and rigorous methodological design are needed to determine the effectiveness of video game interventions on motor impairment in children with DCD.
The use of video game based interventions in paediatric rehabilitation has become more prevalent in recent research [15, 16, 24] . The technology used in these interventions is constantly evolving, making up to date systematic reviews imperative. However, due to this constant technological development, direct comparisons between studies is problematic. Compounding this problem is the limited research that has been undertaken, with only 15 articles included in this review. The 15 articles in the current review had limitations in study design (only 8/15 were RCTs), relatively small sample sizes of children with DCD (n = 9 to 57), and most articles had low to moderate methodological quality with only one article scored as high [37] (scores ranging from 14 to 21 out a maximum score of 27). Due to these limitations and the heterogeneity in outcome measures between studies, a meta-analysis was unable to be performed to statistically compare studies. As such, future research is needed to comprehensively determine the effectiveness of video game based interventions on motor impairment and physical function in children with DCD.
The included studies showed mixed results within the body structure and function domain. Video game intervention showed varied results for strength outcomes [36, 38, 40, 47] , significant improvements for anaerobic performance [36, 38, 40, 47] and no improvements in aerobic fitness [36, 40] . Interestingly, neuromotor task training provided significantly greater improvements in strength, anaerobic performance and aerobic fitness compared to the video game intervention in one study [40] . Whilst these results may suggest that task specific training is important, this finding of greater improvements over the video game intervention was only from one Level 3 article [40] . Additionally, similar improvements in strength, anaerobic performance and aerobic fitness were found between the video game intervention and a task-oriented functional training intervention in one Level 2 article [36] . Video game intervention also showed mixed results for walking outcomes and static and dynamic balance measures taken from a force plate [35, 39, 44, 45, 49] . Overall, it appears that although video game intervention may provide some improvement in the body structure and function domain, the improvements were often not significant and similar to comparison interventions.
Activity domain outcomes were the most commonly assessed across the studies. Some articles showed video game intervention to significantly improve MABC-2 outcomes [36, 38, 43, 45, 46, 48] , with mixed results shown for video game interventions in comparison with a control group or comparison interventions. Outcomes for the BOT-2 appeared to consistently show improvements after video game intervention in six articles [36, 38, 41, 43, [46] [47] [48] . Taken in isolation from other outcomes, the results of the BOT-2 suggest that video game intervention improves the activity domain in children with DCD, however other outcomes need to be considered. Other outcomes relating to the activity domain were the DCD-Q [35, 49] and child reported questionnaires [41, 49] . Improvements in the DCD-Q scores after video game intervention were shown in one Level 4 article [35] , with no difference between control and video game intervention shown in a Level 2 article [49] . Child report questionnaires after video game intervention showed improvements [41, 49] , suggesting that the perceived motor skills ability of children with DCD improves after intervention. Due to the mixed results between studies and outcome measures, further research is needed to determine the effectiveness of video game intervention on activity outcomes in children with DCD.
Participation outcomes were only assessed in two articles [36, 42] . Whilst improvements were shown on two questionnaires for participation after video game intervention [36] , no significant difference in any physical activity or sedentary time outcomes measured using accelerometry were found between a 16 week video game intervention phase and a 16 week no intervention phase [42] . It should be noted that playing video games is an indoor activity that may restrict outdoor play, with many benefits of outdoor play previously reported [53, 54] . Despite recent video game technology promoting movement through 'active' video games, such as the Nintendo Wii or Microsoft Kinect, video game interventions should ensure that the importance of other outdoor play or physical activities is still emphasised and that interventions are not designed that solely focus on children playing indoors.
Four articles also examined TD children after video game intervention [37, 38, 47, 48] . These articles were conducted by the same research team and provided identical video game interventions to groups of children with DCD and TD children. Different results were shown between cohorts, with children with DCD showing larger improvements [38, 47, 48] . It should be noted that TD children would be expected to have higher levels of motor function at baseline and their capacity to improve would not be as large as children with DCD. This is compounded when some items from the MABC-2 and BOT-2 have strong ceiling effects that limit improvement [48] . Two of these studies from the same intervention and cohort also compared variable and repetitive video game training [37, 38] . No significant differences were found on outcomes related to body structure and function or activity between the variable and repetitive video game training [38] . Repetitive training showed significant differences compared to variable training for improvement in video game performance [37] , although this is to be expected when the repetitive group trained with the specific video game used for assessment.
Interestingly, this systematic review only identified studies that used video games for intervention, such as the Nintendo Wii. Due to heterogeneity between studies, it was difficult to compare results based on the specific video game device used. Our finding of limited and mixed evidence for video game interventions in paediatric populations is consistent with other reviews of the literature [15] . We did not find any studies that used 'immersive' virtual reality technology. Review studies have shown promise for virtual reality technology to potentially improve upper limb function in children with cerebral palsy [16, 21] , although research is still limited. Virtual reality technology is still in its infancy, with refinement and development of virtual reality equipment constantly being undertaken. As the video gaming equipment that was used in the studies included in the current review are no longer being manufactured, future research may wish to examine the effects of virtual reality technology on motor impairments, limitations and restrictions in children with DCD.
Other systematic reviews in children with cerebral palsy report similar results to the current review; that research is limited; however, video game interventions are feasible, enjoyable and potentially effective for improved physical function [15, 17] . Of the studies included in this review, the majority of children adhered to and enjoyed the interventions. A similar recent review suggested that video game interventions may provide motor benefits across paediatric cohorts of cerebral palsy, Down syndrome and DCD, although data on adherence and enjoyment were not reported [25] . Interestingly, the previous review only reported six articles in children with DCD compared to the 15 found in the current review. One excluded study from the current review [55] , with inadequate description of the condition, examined motor impairments following Nintendo Wii intervention in children with developmental delay. This article also showed that the intervention was feasible and enjoyable for children, as well as potentially effective for improving motor impairment compared with a control group [55] . A recent study by Howie et al. [56] examined further aspects of feasibility of video game intervention in children with DCD, after two studies (included in this review) found limited benefits of Nintendo Wii intervention [42, 49] . The authors suggest that although children with DCD generally reached the prescribed dosage of video game intervention, the quality of play was inadequate in their home-based intervention [56] . Howie et al. [56] recommend a number of factors that need to be considered when designing video game interventions, including detailed guidance to children, supervision of video game play and introducing new games or levels to keep children engaged.
